UNCLASSIFIED 


,n  282  233 


(^epAoduced 
luf.  Ute 


ARMED  SERVICES  TECHNICAL  INFORMATION  AGENQ 
ARLINGTON  HALL  STATION 
ARLINGTON  12.  VIRGINIA 


UNCLASSIFIED 


NOTICE;  When  government  or  other  drawings,  speci¬ 
fications  or  other  data  are  used  for  any  purpose 
other  than  In  connection  with  a  definitely  related 
government  procurement  operation,  the  U.  S. 
Government  thereby  Incurs  no  responsibility,  nor  any 
obligation  lAatsoever;  and  the  fact  that  the  Govern¬ 
ment  may  have  formulated,  furnished,  or  In  any  way 
supplied  the  said  drawings,  specifications,  or  other 
data  la  not  to  be  regarded  by  implication  or  other¬ 
wise  as  In  any  maimer  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rights 
or  permission  to  manufacture,  use  or  sell  any 
patented  Invention  that  may  in  any  way  be  related 
thereto. 


I — 

cc 


TERTOWN  ARSENAL  LABORATORIES 


^  o ASSESSMENT  OF  9310  STEEL  FOR  CARBURIZED  COMPONENTS 

IN  MIU  RIFLES 

^  t  I 


S  Q 


CO 

«=c 


TECHNICAL  REPORT  WAL  TR  739.1/4 


BY 

PAUL  V.  RIFFIN  . 
AND 

JOSEPH  L.  SLINEY 


A  3 


AuG  G  ^^^"2 


DATE  OF  ISSUE  -  JULY  1962 


OHS  CODE  4010.25.0006.2.28 
MI4  RIFLE 


WATERTOWN  ARSENAL 
WATERTOWN  72,  MASS. 


WAL  TR  739.1/4 


The  findings  In  this  report  are  not  to  be  construed  as  an  official 
Department  of  the  Army  position. 

aSTU  AVAILABILITY  NOTICE 

Qualified  requesters  may  obtain  copies  of  this  report  from  ASTIA 


C!?P06IT10W  INSTRIiCTICmS 


Dest'oj;  do  not  retorn 


Skriall  arms,  rifle  M14 
Materials  evaluation 


Carburised  steel, 
9310  and  6620 


ASS^ISSMENT  OF  9310  STEEL  FOR  CARBURIZJID  ClMONENTS 
IN  M14  RIFLES 


Technical  Report  WAL  TR  739.1/4 


By 

Paul  V.  Rif fin 
and 

Joseph  L.  Sliney 

Date  of  Issue  -  July  1962 


OKS  Code  4010.25.0005.2.28 
M14  Rifle 


WATEMPOIN  ARSENAL 
WATCRTOWN  72.  MASS. 


V/.ATERTOV/N  ARSKNAF,  [jARORATORTRS 


TITLE 

A3LEo5MENT  OF  9310  STEEL  FOR  CARBURIZED  COMPONENTS 
IN  MlU  RIFLES 

ABSTRACT 

In  a  recent  study  on  the  evaluation  of  SAE  8620  steel  used  in  car¬ 
burized  components  of  Mil;  rifles^  it  was  suggested  that  an  investigation 
bo  conducted  on  the  heat  treatment,  characteristics,  and  toughness  of  a 
lower  carbon,  higher  alloy  steel. 

In  the  current  Investigation,  the  hardenability,  micro structure  and 
V-notch  Charpy  impact  properties  of  SAE  9310  steel  ware  evaluated.  The 
results  have  been  compared  with  those  of  6620  steel,  and  recommendations 
are  made  regarding  the  use  of  the  9310  steel  for  carburized  components 
for  critical  service  applications. 


PAUL  V.  RIFFTN'' 

Supervisory  Physical  Metallurgist 


APPROVED: 


.  F.  SULLIVAN 
irector 

atertown  Arsenal  Laboratories 


CONTENTS 


Page 


ABSTRACT 

INTRODUCTION  .  3 

TEST  PROCEDURE . 3 

DATA  AND  DISCUSSION 

Chemical  Composition  .  3 

Hardenability  Tests .  It 

Metallographic  Examination  ...  .  5 

Impact  Properties . 6 

GENERAL  CONSIDERATIONS .  11 

coi«:lusions .  ii 


RECOMMENDATIONS 


12 


I\^rf<G_>uCTT_  N  • 

A  r<;cerit  study--  was  cviiiuctca  to  uetermiiie  t!  3  applicability  of  car- 
burizsd  SAE  8o20il  steel  iii  Mlq  rifle  bolts  and  I'eceivers.  The  study 
revealed  that  such  a  material  possessed  a  borderline  hardenability  for 
the  section  size  involved,  and  its  heat  treatment  required  very  close 
control  in  orde"  for  the  material  to  meet  the  minimL’.m  toughness  and 
fatigue  properties  required  for  carburized  components.  Watertown  Arsenal 
recommended  that  an  alternate  steel  of  lower  carbon  content  and  higher 
hardenability  be  considered.  Consequently,  it  was  decided  to  investigate 
SAE  9310  steel  which  is  employed  for  carburized  components  used  in  other 
severe  service  applications.  It  was  ex-pected  that  the  9310  steel  would 
aid  in  providing  improved  toughnesc  and  In  permitting  a  wide  latitude  in 
heat  treatment. 


TEST  PROCEDURE 


Jominy  end  quench  hardenability  tests  were  conducted  on  san^les  of 
both  862OH  and  9310  steels.  Carburized  V-notch  Charpy  In^ct  specimens 
were  machined  to  final  dimensions  before  the  carburizing  heat  treatment, 
which  was  accomplished  at  Springfield  Armory  using  liquid  salt  carbu- 
riziiig.  Similar  specimens  (not  carburized)  were  heat  treated  at  Watertown 
Arsenal  using  neutral  salt  in  place  of  carburizing  salt.  Uncarburized 
specimens  were  rough  machined  before  heat  treatment  and  finish  machined 
and  notched  after  heat  treatment.  The  effect  of  tempering  temperature 
was  Investigated  by  impact  testing  conducted  at  -J4O  F.  In  addition,  tem- 
peratUTf;  transition  curves  anu  the  effect  of  precracklng  on  intact  proper¬ 
ties  were  ascertained  for  selected  heat  treatments.  Since  bar  stock  was 
employed,  the  impact  tests  were  conducted  in  the  longitudinal  direction 
only.  (The  microstructures  resulting  from  various  heat  treatments  were 
determined  on  bro.kan  impact  bars . ) 


DATA  AKD  DISCUSSION 


Chemical  Composition 

The  SAE  9310  steel  and  the  resulfurized  SAE  862OH  steel,  with  which 
it  is  compared,  were  obtained  in  the  form  of  bar  stock  from  Springfield 
Armory.  The  chemical  analyses  obtained  at  this  Arsenal  on  the  two  mate¬ 
rials  are  presented  in  Tafe  I. 


*3LINEY,  JOSEPH  L.,  Mechanical  and  Metallurgical  Properties  of  Carburized 
862OH  Steel  for  Mlli  Rifle  Components,  Watertown  Arsenal  Laboratories, 

WAL  TR  739.1/3,  November  I96I. 


flOCKHELl  C  HARDMESS 


TABLE  I 


CHEMCAL  .AMALYSES 


C 

Mn 

Si 

Ni 

Cr 

Mo 

P 

s 

SAE  9310 

SAE  8620 

0.11 

0.20 

0.60 

0.3,-5 

0.32 

0.31 

3.21 

0.50 

1.2li 

0.52 

0.11 

0.22 

0.010 

O.Oll; 

0.009 

o.oii5 

Ssversl  differences  in  these  twc  alloy  steels  are  of  particular  im¬ 
portance.  The  low  carbon  content  of  9310  limits  the  maximum  as-quenched 
hardness  to  about  h2  Rockwell  G  as  compared  to  I48  Rockwell  C  for  the  8620 
steel.  However,  the  higher  alloy  content  (particularly  the  nickel)  also 
results  in  a  high  percentage  of  retained  austenite  in  the  carburized  case. 
The  sulfur  content  of  the  862O  steel  is  relatively  high  because  of  resul- 
furization.  The  advantage  of  small  additions  of  sulfur  can  only  be  deter¬ 
mined  by  conducting  macninability  testa,  preferably  by  machining  of  parts. 
Although  resulfurized  862O  steel  is  generally  considered  to  have  better 
macninability  than  9310  3teel,  the  relative  difference  must  be  assessed  on 
the  basis  of  all  the  machining  required  on  the  complex  components  involved. 
Based  on  limited  experience  in  machining  specimens  for  this  study  It  Is 
expected  that  the  9310  steel  will,  in  fact,  be  superior  to  the  862O  steel. 

Hardenabillty  Tests 


The  Jominy  end  quench  hardenability  testa  were  conducted  according  to 
the  standard  AGTM  procedure  on  both  9310  and  862O  steel,  and  the  results 

are  plotted  in  Figure  1.  The  sang)le3 
of  bar  stock  examined  fell  within 
the  ASTM  H-bands  for  the  respective 
steel  types.  The  marked  differences 
in  these  two  steels  are  apparent 
from  the  curves  of  Figure  1.  The 
maximum  as -quenched  hardness  of  862O 
at  the  water-quenched  end  of  the 
test  bar  is  over  U5  Rockwell  C.  As 
the  distance  from  this  end  increases 
and  the  cooling  rate  correspondingly 
decreases,  there  is  a  sharp  drop  in 
hardness.  Since  the  cooling  rates 
in  the  Milt  rifle  bolts  and  receivers 
are  equivalent  to  distances  of  from 
2/ 16  to  6/16  inch  on  the  end  quench 
bar,  marked  differences  Jn  the  core 
hardness  can  be  expected  in  production  parts  made  from  low  hardenabillty 
steels.  The  maximum  as-quenched  hardness  of  the  9310  steel  is  Ul  Rockwell 
C,  and  the  hardenability  curve  is  almost  flat  to  at  least  6/16  inch.  As 
a  result,  when  this  steel  is  employed,  the  maximum  core  hardness  of  the 
lugs  or  other  thin  sections  cannot  exceed  l^l  Rockwell  Cj  yet  the  heavier 
section  will  be  quenched  to  a  tough,  martensitic  mlorostructure  at  essen¬ 
tially  the  same  hardness  level. 


OltTaaCI  Pao«  e^UOiCO  HD,  tltTCUtal  Of  m  IICm 
•oatMltlaa 

tif  e  M  II  at  er  TMf.  f 

9)10  0.11  0.00  9.J7  Ml  1.0«  0.11  1100 

•  490  0.90  0.4)  0.51  0.%0  0.)J  0.99  1)9) 

rifaro  t.  IM  WflOi  MMCRtflillt  envU  00 
ioc  0910  MO  0010  tItWLt 
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Metallographic  Examination 


A  metallographic  investigation  was  conducted  'm  selected  Charpy  im¬ 
pact  specimens  from  both  materials  to  determine  the  depth  of  carburization 
and  microstructure  of  the  case  and  core.  Tj'pical  microstructures  re¬ 
sulting  from  the  heat  treatments  employed  on  the  two  materials  are  pre¬ 
sented  in  Table  TI ,  Because  of  the  low  hardenability  a.id  high  carbon 


TABLE  II 

METALWaPAPHin  RESULTS 


■1 

Rockwell  C 

Case 

Heat 

Haraness 

Depth 

Microconstituents(  %) 

Treatment 

Case 

(inch) 

Case 

Core 

9310 

A.Carburii.a  1-2/3  hr 

56.0 

39.5 

0.011* 

75A 

lOOM 

at  1600  F;  quench  in 
agitated  oil  (I50  F); 
temper  1  hr  at  1*00  F 

25M 

8620 

B.  Carburize  1-2/3  hr 

57.0 

1*0.5 

0.015 

5A 

5F 

at  1575  F;  quench  in 

95M  . 

80HB 

agitated  oil  (150  F); 
temper  1  hr  at  375  F 

15M 

8620 

C.  Carburize  1-2/3  hr 

59.5 

1:7.0 

0.013 

5A 

lOOM 

at  1575  Fj  quench  in 
warm  water;  temper 

1  hr  at  375  F 

95M 

NOTE:  F  -  Free  Ferrite  M  -  Teiqpered  Martensite 

HB  -  High  Ten^rature  Balnite  A  -  Austenite  (Retained) 


content  of  the  862O  steel,  it  was  not  possible  to  heat  treat  specimens  to 
both  the  desired  core  hardness  (1|0  Rockwell  C)  and  microstructure  (lOOjE 
tempered  m/irtensite)  simultaneously  when  using  the  required  draw  tempera¬ 
ture  (375  t>o  UOO  F).  Comparisons  were  made  with  specijnens  of  862O  steel 
heat  treated  to  100  percent  martensite  with  a  core  hardness  of  ^7  Rockwell 
C  and  others  heat  treated  with  a  core  hardness  of  UO  Rockwell  C  having  a 
high  percentage  of  nonmartensltic  constituents.  The  9310  steel  was 
readily  heat  treated  to  the  desired  hardness  of  I4O  Rockwell  C  and  100 
percent  tempered  martensite  using  a  low  temperature  draw. 

The  high  nickel  content  of  the  9310  steel  results  In  the  high 
percentage  of  retained  austenite  at  the  outer  surface  of  the  carbiirlzed 
case.  Although  equally  high  percentages  of  retained  austenite  have  oc¬ 
casionally  been  obsei  ved  in  the  662O  steel.  It  Is  normally  quite  low 
(below  lOjC).  The  retained  austenite  lowers  the  hardness  for  a  depth  of 
about  0,005  Inch  from  the  surface;  therefore,  the  fatigue  and  wear  prop¬ 
erties  may  be  adversely  affected.  Most  of  this  retained  austenite,  how¬ 
ever,  can  be  transformed  to  martensite  by  a  "deep  freeze"  treatment. 
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see  Figure  2.  The  effect  of  this  treatment  on  the  surface  hardne.-ss  of  t.he 
impact  specimens  as  measured  by  superficial  Rockwell  tests  using  the  15N 
scale  is  as  fellows : 


Treatment 
a •  None 

b.  Cooled  2  hr  at  -110  F 


15N  Readings 
35.0,  85.3,  86.3,  85.3 

91.8,  91.3,  92.0,  91.3 


Converted  to 
Rockwedl  C 

li9  tc  51 
62  to  65 


7£S  RETAiNEO  AtSTCMITE 


b 

LESS  Thau  lo*  setaimeo  austeaite 


Figure  2.  RETAINED  AUSTENIT'  IN  CARBURIZED  SURFACE  OF  9310  STEEL 


The  subzero  treatment  increased  the  surface  hardness  of  the  9310 
steel  to  an  acceptable  level  for  good  fatigue  and  wear  resistance.  Al¬ 
though  no  fatigue  tests  ware  conducted,  93IC  steel  would  be  expected  to 
exhibit  endurance  limits  equal  to  those  reported  previously  for  the  862O 
steel,  and  superior  fatigue  properties  at  high  stress  levels  (finite  life 
portion  of  fatigue  curve)  because  of  superior  core  toughness. 

Impact  Properties 


The  results  of  V-notch  Charpy  impact  tests  at  -UO  F  on  93:’ 0  steel  at 
various  tempering  ten^jeratures  are  presented  in  Table  III.  The  energy  ab¬ 
sorbed,  fracture  appearance  and  hardness  of  case  and  core  are  listed. 
Results  of  similar  tests  obtained  on  862O  steel  are  presented  in  Table  IV. 
The  results  are  also  plotted  in  Figures  3  8*^8  li  to  show  a  comparison  of 
the  two  steels  in  the  uncarburized  and  carburized  conditions  respectively. 
It  can  be  observed  that  the  carburizing  treatment  which  produces  a  hard 
nondeforming  surface  resulted  in  a  marked  decrease  in  x.he  energy  absorbed 
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TABLE  III 


TEi-s-Eiu;;,;  c:-{ahactehistic3  of  9310  steel 


I 

Uncaibui ized 

Carburized 

Te.'.-.r.-jrii.g 

Energy 

Fracture 

Energy 

Fracture 

Rockwell  C 

T'.mpiiratur-;''' 

Absorbed® 

Fibrosity 

Rockwell  C 

Absorbed® 

Fibrosity 

Hardness 

1  !•'/ 

(ft -IV) 

{%) 

Hardness 

(ft-lb) 

{%) 

Core 

Case 

qaetiched 

..L.L 

100 

38.5 

22.2 

IOC 

39.8 

60.8 

200 

LL.h 

100 

38.6 

20.1 

100 

38.5 

60.9 

500 

qo.l 

100 

38.8 

21.'^ 

100 

liO.O 

59.0 

LOO 

50.9 

100 

39.0 

21.1 

100 

39.6 

55.7 

500 

h'(  .L 

100 

38.8 

25.1 

35 

38.3 

53.8 

oou 

L7.8 

85 

38.6 

9.2 

10 

39.5 

52.5 

700 

36.5 

55 

37.3 

7.5 

0 

38.3 

I49.8 

800 

I45.7 

75 

36.0 

6.L 

0 

33.8 

U7.5 

90U 

58.7 

85 

3ii.l 

21.5 

5 

33.1 

Ul*.6 

HOTE:  lAll  specimons  quenched  from  l600  F  into  agitated  oil. 


^All  speoi"'enE  tcated  at  -)i0  F. 


TABI£  IV 

TEMPERING  CHARACTERISTICS  OF  862OH  STEEL 


lemporing 

TeiiiperatureV’ 

Uncarburized 

L  Carburized  H 

E'isrgy 

Absorbed® 

Fracture 

Fibrosity 

Rockwell  C 

Energy 

Absorbed® 

Fracture 

Fibrosity 

Rockwell  C 
Hardness 

(deg  F) 

(ft-lb) 

{%) 

Hardness 

(ft-lb) 

(f) 

Core 

Case 

As  quenched 

17.5 

20 

h7.0 

• 

CVJ 

0 

1*6.6 

61*. 8 

200 

15.8 

15 

U7.L 

2.5 

0 

1*5.6 

61*.l* 

300 

18.1 

25 

L7.0 

3.1* 

0 

1*5.6 

61.7 

LOO 

18.8 

35 

L5.9 

3.1* 

0 

15.9 

58.6 

500 

15.5 

20 

L3.7 

1.8 

0 

1i2.6 

55.6 

000 

9.5 

1  J 

1*2.0 

1.3 

0 

1*1.0 

53.1* 

700 

15.8 

15 

1*0.7 

2.3 

0 

1*1.8 

50.6 

800 

3I.L 

75 

38.2 

9.7 

0 

38.8 

1*6.7 

900 

L7.8 

100 

33.8 

30.2 

100 

3I4.6 

1*3.9 

ROTE;  i^All  specimens  quenched  from  I58O  F  into  warm  water. 


“All  specimens  tested  at  -IiO  F. 
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PROPERTIES  at  -40  F  -  CARBURIgD 
«AE  MiO  AND  t<20  IrKlj 


in  both  materials  over  that  obtained  in  the  uncarburized  condition.  This 
comparison  can  be  noted  for  the  9310  steel  when  tempered  in  the  "blue 
brittle"  temperature  range  (500  to  800  F)  and  for  the  8620  steel  at  all 
tempering  temperatures  less  than  900  F.  Of  major  significance  is  the 
fact  that  the  9310  steel  exhibited  100  percent  fibrous  fractures  and  ab¬ 
sorbed  consldjrable  energy  when  tested  in  the  carburized  condition  using 
the  piOuuutiuii  Lempering  cycle.  The  8620  steel,  on  the  other  hand, 
absorbed  very  little  energy  and  exhibited  crystalline  fractures  after  a 
similar  heat  treatment.  The  9310  steel  possessed  a  martensitic  micro¬ 
structure  and  a  core  hardness  of  38  to  1*0  Rockwell  C  using  an  oil  quench 
and  a  tempering  temperature  under  500  F.  The  8620  steel,  on  the  other 
hand,  which  was  water  quenched  in  order  to  obtain  a  martensitic  micro- 
structure,  possessed  a  core  hardness  of  1*5  to  1*7  Rockwell  C. 

Carburized  Charpy  impact  specimens  of  both  steels  wert  tested  as  a 
function  of  test  temperature  to  determine  the  transition  temperature. 
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Both  steels  were  processed  to  essentially  the  same  core  hardness  level 
^IjC  flockwell  C)  and  the  same  case  depth  (0.013  inch).  However,  in  order 
to  employ  a  constant  tempering  temperature  of  LOO  7,  yet  obtain  the  same 
core  hardness,  it  was  necessary  to  quench  the  8620  steel  in  oil  resulting 
in  a  iiiicrostructure  which  was  80  percent  high  temperature  bainite  as  com¬ 
pared  to  the  100  percent  iriartensltic  structure  in  the  9310  steel.  The 
impact  transitio..  curves  of  both  energy  and  fracture  appearance  are  shown 
in  Figure  5«  It  is  apparent  that  the  9310  steel  maintains  high  toughness 
to  a  much  lower  test  temperature  than  the  8620  steel.  The  transition 
temperature  can  be  defined  in  a  number  of  ways.  It  is  defined  here  as 
the  temperature  at  which  a  50  percent  fibrous  fracture  occurs .  Under  this 
criterion,  the  transition  temperature  is  -100  C  (-11^8  F)  and  +10  C  (+50  F) 
for  the  9310  arid  8620  steels  respectively.  This  large  difference  in 
transition  temperature  accounts  for  the  marked  difference  in  the  intact 
properties  obtained  in  the  tests  conducted  at  -LO  C  (-l^O  F).  (See  Figures 
3  and  L . ) 

To  investigate  the  conditions  of  the  notch  on  the  impact  properties, 
some  specimens  were  notched  after  carburizing  and  others  by  fatigue 
cracking  the  carburized  layer  in  the  notch  prior  to  testing.  Precracking 
was  accomplished  by  vibration  fatiguing  specimens  as  simple  beams  under 


Figure  5.  IMPACT  ENERaV  AND  FRACTURE  VERSUS  TEST  TEMPERATURE 
SAE  »3I0  AND  1620  STEELs 
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controlled  conaitiori?  to  produce  shallow  cracks  through  the  case  at  each 
sueciir.en.  The  condioion  of  the  notch  in  tne  impact  test  is  of  interest 
in  predicting  the  effect  of  notch  severity  on  the  servic.  performance  of 
rifle  Dolts  which  are  frequently  ground  in  the  fillet  area  or  which, 
during  service,  develop  fatigue  cracks  in  this  area.  These  tests  are 
also  useful  in  assessing  the  effect  of  carburizing  on  the  notch  initi¬ 
ation  energy  in  T,he  Cherpy  impact  test.  The  results  (presented  in  Table 
V)  revealed  that  there  is  very  little  difference  between  the  energy  ab¬ 
sorbed  by  uhe  carburized  and  the  carburized -and -precracked  specimens. 

This  observation  was  made  on  material  in  both  the  tough  (9310  steel)  and 
brlLLue  ^3w2u  steel)  conditions.  However,  notching  the  specimens  after 
carburizing  resulted  in  a  significant  increase  in  energy  absorbed  in  both 
the  tough  and  brittle  conditions.  It  can  be  concluded  that  the  carburized 
case  under  a  notch  absorbs  little  or  no  energy  during  Impact  loading  to 
fracture . 


TABLE  V 


EFFECT  OF  NOTCH  CONDITION  ON  IMPACT  PROPERTIES  TESTED  AT  0  C  (+11*  F) 


9310  steel 

8620  steel  1 

Test 

Heat* 

Rockwell  C 
Hardness 

Impac  L 
Energy 

— 

Heat* 

1  Rockwell  C 
Hardness 

T,— 1 

Energy 

(ft-lb) 

Specimen 

Treatment 

Case 

1  Core 

(ft-lb) 

Treatment 

Case 

Core 

Carburized 

A 

56.0 

— 

C 

59.0 

47.0 

mm 

B 

57.0 

4O.5 

mm 

Carburized 

A 

c'^.  n 

23.6 

C 

59.5 

1*7.0 

m 

Precracked 

J7  0 

29.8 

B 

57.0 

1*0.5 

MBi 

Notched 

56.C 

39.5 

32.9 

36.1 

C 

59.5 

1*7.0 

9.2 

8.6 

alter 

Carburlzizig 

A 

B 

57.0 

1*0.5 

15.8 

16.5 

^Hfeat  Treatirents  described  in  Table  II. 


Since  Ordnance  equipment  (including  the  Mil*  rifle)  is  expected  to 
operate  satisfactorily  down  to  -65  F,  it  is  important  to  employ  me^— lals 
which  have  sufficient  toughness  so  that  they  will  not  exhibit  catastrophic 
failure  (brittle  fracture)  at  subzero  temperatures.  For  carburized  rifle 
bolts  and  receivers,  the  9310  steel  can  be  heat  treated  in  production  to 
a  tough  condition.  The  862O  steel,  on  the  other  hand,  is  either  quenched 
to  excs«:slvely  high  hardness  in  order  to  obtain  a  martensitic  structure  or 
alack  quenched  to  a  lower  hardness  at  which  a  high  percentage  of  upper 
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bainite  is  obx.air.ei.  In  hobh  instances,  *i.e  coi-e  of  the  8620  steel  pos¬ 
sesses  Ioa’  toughness  and  is  susceptible  to  brittle  fracture,  particularly 
3*  lev.’  B-TLil  Oi'  iH  t/Hc  presence  of  a  hi^h  stress  concentration. 

The  studies  conducted  to  date  indicate  that  the  V-notch  Charpj'-  irrpact 
test  is  effective  in  assessing  the  toughness  of  carburized  and  heat- 
treatea  parts  ha.ing  approximately  the  same  cross-sectional  area.  Con- 
seouently,  this  test  is  considered  to  be  appropriate  as  a  specification 
requirement  for  bolts  and  receivers  of  the  Mllj  rifle  in  order  to  insure 
adequate  toughness. 


GEICRAL  tOKSIDERATIONS 


This  limited  study  was  conducted  to  assess  the  toughness  of  SAE  9310 
steel  as  compared  to  SAE  8620  steel  for  application  in  carbiirized  bolts 
••^nd  rec-^iver.e  u.sed  in  the  MlU  rifle.  The  results  show  that  9310  steel, 
which  has  a  high  hardenability  and  low  carbon  content,  can  readily  be 
carburized  and  heat  treated  to  provide  parts  having  a  <narten.sitic  core 
raicrostructure  with  high  toughness.  Parts  having  large  variations  in 
thickness  will  possess  a  uniform  core  micros tnicture  of  tempered  marten¬ 
site  and  hardness  of  38  to  1*2  Rockwell  C,  even  with  the  fairly  wide 
variations  in  quenching  practice  which  are  encountered  in  manufacturing 
plants.  The  use  of  high  toughness  steel  such  as  9310  in  severely  stressed 
carburized  parts  will  provide  very  good  reliability  in  service  and  reduce 
to  a  minimum  any  risk  of  premature  catastrophic  failure  under  service 
conditiens  cf  low  temperat’-re  and/or  high  strain  rates. 

The  high  alloy  content  of  93IO  steel  results  in  a  Iiigh  percentage  of 
retained  austenite  in  the  carburized  case,  a  condition  which  results  in 
low  surface  hardness.  Since  low  surfr.ee  iiardness  may  lower  the  fatigue 
and  wear  resistance,  it  may  be  desirable  to  use  a  subzero  conditioning 
treatment  to  transform  the  retained  austenite.  This  subzero  treatment  is 
frequently  employed  on  carburized  conponents . 


CONCLUSIONS 


1.  The  core  toughness  of  9310  steel  is  markedly  superior  to  that  of 
8620  steel  in  the  carburized  and  heat-treated  condition.  The  impact 
transition  tenperature  of  9310  steel  when  carburized  and  heat  treated  to 
a  core  hardness  of  1*0  Rock”ell  C  is  100  C  lower  than  that  of  862O  steel 
possessing  the  same  hardness. 

2.  Uniform  core  hardness  and  toughne.^s  are  readily  obtainable  in 
carburized  9310  steel  components  even  with  wide  variations  In  quenching 
practice  and  changes  in  section  thickness  because  of  the  high  hardenability 
and  low  carbon  content  of  this  steel. 
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3.  The  his'h  alloy  nontent  of  the  93^-3  steel  results  in  a  high  per- 
oentaje  of  ’etained  austenite  near  the  surface  of  the  carburized  parts 
when  a  one -cycle  queiioh -and -temper  heat  treatment  is  employed.  This  con¬ 
dition  can  be  alleviated  by  using  a  subzero  conditioning  treatment  which 
transforms  the  retained  austenite. 

Ii.  The  V-notch  Charny  Impact  test  can  and  should  be  employed  as  a 
specification  control  test  for  small  carburized  parts  when  high  toughness' 
is  req'iilred. 


RBC0MMENEATI0N3 


In  order  to  establish  more  conclusively  the  overall  applicability  of 
9310  steel  for  bolts  an'^  receivers  used  in  Mllj  rifles,  it  is  recommended 
that  a  limited  number  of  components  be  manufactured  for  proof  and  service 
tests.  During  this  pilot  manufacture,  the  machlnablllty  of  9310  steel 
can  be  determined  in  relation  to  the  particular  parts  and  then  the  disad¬ 
vantages,  if  any,  can  be  assessed. 
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